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ABSTRACT
 
Chemical Waste Management, Inc. (CWM) conducted a laboratory X*TRAX 
treatability study on a fire training area jet fuel contaminated soil from Chanute 
Air Force Base (AFB) near Rantoul, Illinois. The CWM X * TRAX patented 
process is an innovative thermal desorption technology which volatilizes organic 
compounds by indirectly heating the feed material in an inert atmosphere rotary 
dryer and condenses the organics separate from the remaining solids. The feed 
material chemical concentrations were significantly reduced by the X *TRAX 
process. The treated soil does not exhibit the federal toxicity characteristic for 
benzene. Removal of oil and grease and all volatile and semi-volatile organic 
compounds detected exceeded 99 percent. The cost for treatment with the 
X*TRAX process is considerably lower than for treatment using incineration. 
The Chanute AFB jet fuel contaminated fire training pit soil is a suitable 
candidate for X *TRAX treatment. In general, the X *TRAX process is a suitable 
and economical alternative treatment technology for other petroleum 
contaminated soils in Illinois. 
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EXECUTIVE SUMMARY
 
Chemical Waste Management, Inc. (CWM) conducted a laboratory X *TRAX treatability 
study on a fire training area jet fuel contaminated soil from Chanute Air Force Base 
near Rantoul, Illinois. This treatability study was conducted under ENR Contract No. 
HWR 91 083 with the Illinois Department of Energy and Natural Resources, Springfield, 
Illinois. 
The study was completed in response to a proposal solicitation from the Illinois 
Hazardous Waste Research and Information Center's (HWRIC) Research Program. An 
X *TRAX treatability study proposal to treat fire training pit soils from Illinois was 
submitted by CWM and accepted for funding during fiscal year 1991. This is the first 
laboratory test of this technology on this type of soil and contaminant in Illinois. The 
results of the study would apply generally to petroleum contaminated sites throughout 
Illinois. 
The CWM X *TRAX patented process is an innovative thermal desorption technology 
which volatilizes organic compounds by indirectly heating the feed material in an inert 
atmosphere rotary dryer and condenses the organics separate from the remaining 
solids. CWM has laboratory, pilot and full-scale systems of the process. This 
treatability study was conducted with the laboratory scale system at CWM's Research 
Center in Geneva, Illinois. 
The fire training area at Chanute is currently active and clean-up criteria had not been 
established at the time of this study. The results of the study are compared to the 
Illinois Environmental Protection Agency's (lEPA) leaking underground storage tank 
generic clean-up objectives and the federal regulatory level for exhibiting the 
characteristic of toxicity due to benzene. The feed material chemical concentrations 
were significantly reduced by the X *TRAX process. The treated soil does not exhibit 
the federal toxicity characteristic for benzene. Removal of oil and grease and all 
volatile and semi-volatile compounds detected exceeded 99 percent. 
The cost to treat soils on site with the X *TRAX process for this type of project is 
significantly less than the cost for on site incineration. 
CWM believes that the Chanute Air Force Base jet fuel contaminated fire training pit 
soil used for this treatability study is a suitable candidate for X *TRAX treatment. In 
addition, this indicates that the X*TRAX process is generally applicable to other 
petroleum contaminated soils throughout Illinois. Potential sites include both civil and 
military petroleum contaminated soils including, but not limited to, fire training areas 
and leaking underground petroleum storage tanks. 
The laboratory treatability study was conducted by Peter Romzick and Scott Burich and 
supervised by Carl Swanstrom. This report was written by Peter Romzick. 
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CHAPTER 1 
INTRODUCTION 
The primary objective of this treatability study was to demonstrate that the 
X*TRAX thermal desorption process is a viable remediation technology for 
contaminated Illinois soils. The X*TRAX process, which is patented by 
Chemical Waste Management (CWM), volatilizes organics by heating the 
contaminated soil in an inert atmosphere and then condenses them as liquids. 
CWM proposed to conduct a treatability study on contaminated soil obtained 
from Chanute Air Force Base (AFB) in Illinois. The treatability study was 
completed and documented in this report. 
Chanute AFB is one of the primary fire fighting training areas for the U. S. 
Air Force. An area at the south end of the base is currently used to conduct 
a portion of the training. One segment of the fire fighting training consists of 
spraying jet fuel on the ground and mock aircraft, igniting the jet fuel and 
extinguishing the fire. After extinguishing the fire, the unburned jet fuel either 
evaporates or soaks into the ground. There is no underground containment 
barrier for the unburned jet fuel; therefore, the fire training area soils contain 
elevated levels of petroleum hydrocarbons. 
Two five gallon buckets of soil were collected from two separate portions 
of the fire training area for this study. The two points of collection were 
approximately 400 feet apart and are both adjacent to mock aircraft frequently 
used for fire fighting training by using jet fuel for the fire fuel source. The 
samples were collected by CWM personnel and received at the CWM Geneva 
Research Center (GRC). Each sample was physically sieved at the site by 
shaking the material on a screen during sample collection to remove particles 
greater than 1/4" which would damage the laboratory unit feeder system. The 
quantities of over size material and under size material was recorded and 
included with this report. Each sample was homogenized by pouring the 
sample between two 5 gallon buckets and mixing with a garden shovel several 
times. A sample of each screened material was submitted for physical and 
chemical analysis to determine which of the two candidate soils would be used 
for the study. 
The laboratory X *TRAX treatability study on the selected sample was 
completed on May 15, 1991 at the GRC by Peter Romzick and Scott Burich 
and supervised by Carl Swanstrom. The other sample was designated for 
proper disposal. The sample chosen for the treatability study was selected 
based on the elevated organic component concentration relative to the other 
candidate sample. 
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CHAPTER 2 
DESCRIPTION OF THE LABORATORY SCALE X*TRAX UNIT 
x*TRAX treatment is a relatively low temperature separation process 
(compared to incineration) that evaporates or volatilizes organic contaminants 
from soils, sludges, and other types of solid substances or wastes. It operates 
by heating the contaminated material as high as 850°F in a nitrogen 
atmosphere with an externally heated rotary dryer. The external heating 
prevents the heat source from coming into contact with the contaminated 
material, a distinct difference from an incinerator which has direct heating of 
the contaminated material. The nitrogen serves as an inert carrier for the 
volatilized organics, transporting them to the gas-treatment system, which 
consists of a three-stage condenser train followed by activated carbon 
adsorption beds. 
2.1 The Rotary Dryer System 
The function of the laboratory unit is to provide a preliminary assessment 
of X*TRAX capability for treating contaminated wastes. The laboratory rotary 
dryer is a 12 kilowatt, electrically heated furnace with a maximum temperature 
capability of 1470o F. The steel dryer cylinder has a 48 inch heated section 
and an inner diameter of 4.0 inches. This configuration simulates the pilot and 
full scale X*TRAX dryers which are heated by burning propane or natural gas. 
The performance of the laboratory and pilot scale X *TRAX dryers is very similar 
based on the results of testing the same materials in both systems. 
Performance data on hazardous material is not yet available for the full scale 
X *TRAX dryer but should be available in the Spring of 1992 for material that 
was previously processed in both the laboratory and pilot scale X *TRAX dryers. 
The laboratory unit can process two to four pounds of feed per hour depending 
on the moisture content of the feed and the residence time desired. The pilot 
and full scale systems can process 300 to 600 pounds per hour and 7,000 to 
14,000 pounds per hour, respectively. 
A block flow diagram illustrating the laboratory process is shown in Figure 
2-1 and a process flow diagram in Figure 2-2. The contaminated material is fed 
into the dryer with a screw feeder. The laboratory dryer cylinder outer shell is 
heated as high as 900°F depending on the type of material being treated, to 
achieve the 850°F material temperature. The nitrogen carrier gas is preheated 
up to 600°F and introduced concurrently above the solid feed. Treated solid 
material exits the dryer cylinder and collects in a product hopper which is 
typically emptied every fifteen minutes due to the capacity of the product 
hopper. The product hopper is open to the dryer but closed to the atmosphere. 
When the hopper is emptied it is isolated from the dryer with a valve and then 
opened to the atmosphere via another valve. Volatilized contaminants and 
water vapor are transported with the carrier gas to the gas treatment system. 
Depending on the particle size distribution of the feed, 0-4°A> solids (wet feed 
basis) are entrained in the gas stream and swept into the gas treatment system 
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in the laboratory unit. Entrainment in the pilot and full scale units is lower at 
0-2%. 
2.2 The Gas Treatment System 
The contaminated carrier gas exits the dryer and enters a spray scrubber 
that removes the particulate material and some of the less volatile organic 
compounds. The gas stream exits the scrubber at approximately 120°F and 
is saturated with water vapor. Next the gas enters a water-cooled shell-and­
tube heat exchanger (the primary condenser) and is cooled to about 10°F 
above ambient temperature. Tap water is the cooling side fluid. A significant 
fraction of the water vapor is condensed out as well as organic compounds of 
intermediate volatility and collected at the bottom of the condenser. The 
condenser is emptied every 15 minutes to prevent flooding of the condenser. 
The third and final stage of the condensing train is a shell-and-tube heat 
exchanger (the secondary condenser) cooled with a refrigerated 50/50 
glycol/water mixture at 32 °F. Here the carrier gas is cooled to approximately 
40°F and the remaining condensable components are removed and collected 
at the bottom of the condenser. This condenser is also emptied every 15 
minutes to prevent flooding the condenser. The gas stream then passes 
through two activated carbon adsorption drums in series and is vented to the 
atmosphere. The vented gas stream is approximately 95-97% nitrogen, 0-4% 
oxygen with water, and a trace of volatile organic compounds making up the 
balance. The vented gas stream from the laboratory unit is not routinely 
analyzed. The volatile organics in the vent gas stream consist of methane and 
ethane and other similar low molecular weight organics which are not 
condensable at atmospheric conditions and not adsorbed on the carbon beds. 
Unlike the laboratory unit, the pilot and full scale X*TRAX units reheat and 
recycle the cooled nitrogen and a small amount of the nitrogen is vented to the 
atmosphere after being analyzed to assure compliance with permit conditions. 
2.3 The Fate of Treatment Residuals 
The liquid from the spray scrubber drains to a phase separation tank where 
water, immiscible organics, and solids are gravity-separated with a weir 
system. The water is recycled back to the spray tower continuously. 
Condensates from the primary and secondary condensers collect in traps below 
each condenser and are drained into a collection vessel beaker at regular 
intervals. When the run is complete, the contents of the phase separation tank 
are gravity filtered through paper in a funnel and any solids are collected from 
the filter paper. A sample of the treated solids, phase separator water, phase 
separator oil, phase separator filtered solids (filter cake), condensate water, and 
condensate oil is each retained for chemical analyses when available. Phase 
separator oil and condensate oil are typically not recoverable unless the feed 
material has a significant oil content. The remaining products and residuals are 
properly packaged for disposal or returned to the client depending on the clients 
requirements. All solids and liquids are weighed for material balance purposes. 
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T1 thermocouple in zone 1 of dryer 
TO thermocouple in zone 2 of dryer, sensing element for controller 
T2 thermocouple in zone 3 of dryer 
T3 thermocouple at exit position of nitrogen gas heater 
T4 thermocouple at exit position of nitrogen gas from dryer 
T5 thermocouple at exit position of nitrogen gas heater for product hopper 
purge 
T6 thermocouple at entrance of gas to spray tower 
T7 thermocouple at exit of gas to spray tower 
T8 thermocouple at exit of primary condenser 
T9 thermocouple at entrance of secondary condenser 
T10 thermocouple at exit of secondary condenser 
T11 thermocouple immersed in product solids bed within dryer cylinder 
P-1 pressure regulator for liquid nitrogen dewar 
P-2 pressure regulator for auxiliary nitrogen tank 
P-3 pressure gauge at gas exit from dryer 
P-4 pressure gauge at gas entrance to spray tower 
P-5 pressure gauge at gas exit from spray tower 
P-6 pressure gauge at gas entrance to secondary condenser 
P-7 pressure gauge at gas exit from secondary condenser 
P-8 pressure gauge at liquid entrance to spray nozzle in spray tower 
F-1 flow meter for main nitrogen flow into dryer 
F-2 flow meter for nitrogen purge line into product hopper 
F-3 flow meter for cooling water in primary condenser 
F-4 flow meter for water-ethylene glycol mixture in secondary condenser 
V-1 ball valve for positive shutoff of auxiliary nitrogen tank 
V-2 ball valve for positive shutoff of liquid nitrogen dewar 
V-3 butterfly valve for isolating system from atmosphere during product 
sample collection 
V-4 butterfly valve for discharging product solids 
V-5 ball valve for emptying phase separator drum during sample collection 
V-6 ball valve for bleeding air into exhaust line to reduce vacuum level 
V-7 butterfly valve for throttling nitrogen gas flow 
V-8 ball valve for emptying condensate trap 
V-9 ball valve for emptying condensate trap 
V-10 globe valve for metering flow rate of cooling water for primary condenser 
V-11 ball valve for positive shutoff of backup blower 
V-12 ball valve for positive shutoff of primary blower 
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CHAPTER 3 
STANDARD PROCEDURE FOR TREATABILITY STUDIES 
There is a standard procedure for conducting X*TRAX treatability studies. 
The procedure begins with the issuance of a Research and Development (R&D) 
sample authorization number which facilitates tracking. The received sample 
is weighed and logged in at the sample receiving area. The remaining standard 
test procedures; feed preparation, process operation, sampling of feed and 
product streams, system decontamination, and disposal of residuals; are 
discussed below. 
3.1 Feed Preparation 
The sample size for laboratory treatability studies is usually 10 gallons (two 
five-gallon pails). Chain-of-custody documents must accompany all samples. 
Upon receipt, the sample is sieved through a ~ inch screen to remove oversize 
solids that might damage the screw feeder of the laboratory unit. For this 
study, this step was performed on-site at the time of sample collection. The 
weights of the screened and oversize fractions are recorded as are visual 
observations of the treatability sample. The screened portion is sealed in five­
gallon polypropylene pails with gasketed lids. The required amount of feed 
material (usually one five-gallon pail) is stored at 4°C, any excess feed is stored 
at room temperature. The oversize pieces are similarly sealed and stored at 
room temperature. 
After the entire feed sample is screened, the screened portion is 
homogenized by hand mixing. Wet cohesive type soils (clays) are more difficult 
to homogenize than drier, non-cohesive type soils and may affect the resulting 
homogeneity. After mixing, a composite sample is withdrawn for physical and 
chemical analyses by collecting equal portions from at least four different 
locations in the mixed material. If the material is difficult to homogenize, the 
smaller analytical sample is also homogenized to provide a sample of consistent 
composition to the laboratory since the laboratory will only use a small portion 
of the sample provided to them. The sample is identified as the preliminary 
feed and is assigned a sample ID suffix of -01 (Example: CWM-01). 
The analyses requested depends on the specific nature of the sample, prior 
analytical information about the waste, source site history, client requests, and 
the principle contaminants of concern. 
The screened sample is not run through the laboratory X *TRAX unit until 
sufficient analytical information is available. This assures that the sample 
contains the contaminants of concern, allows the identification of extraordinary 
health and safety requirements, and assures that appropriate operating 
conditions are selected. 
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3.2 Process Operation 
The feed material is removed from refrigerated storage 24 hours before a 
treatability study to allow the feed to reach room temperature. The rotary dryer 
is heated to 400°F 12 hours prior to the start of the run to save the time 
required to heat the furnace to 400°F. Process startup begins by charging the 
phase separator with an initial charge of weighed water, ramping the furnace 
temperature setpoint up from 400°F to the first temperature setting for the 
treatability study, starting cooling side flow to the condensers, and starting the 
spray scrubber. Next, the gas stream exhaust blowers are turned on and the 
nitrogen gas is heated and sent into the rotary dryer. A weighed quantity of 
feed is added to the feed hopper and the screw feeder is adjusted to provide 
a preselected feed rate. The feed rate is dependent on the moisture content, 
fill volume desired, residence time, contaminant concentrations, and type of 
waste matrix. Many of these parameters are selected based on past 
experience. Once the furnace shell temperature reaches the setpoint, the 
feeder is turned on. 
Once feed is introduced into the dryer, final product (treated solid) and 
condensate collection begins after approximately 1.5 residence times. 
Residence times vary between 60 and 120 minutes. This allows the entire 
system to reach a steady state condition. The condensates collected from the 
primary and secondary condensers are individually weighed then combined. 
The condensates must be combined to produce the quantity required for the 
analyses. Any product or condensate collected before the steady state 
condition is held separately and considered scrap, this condensate is not 
representative of a steady state feed condition and is not analyzed. All product 
and condensate collected, including scrap, is weighed for material balance 
purposes. 
After an adequate amount of treated solid product (a sufficient quantity for 
the analysis required) and condensate (a sufficient quantity based on the 
production rate that will produce the required total quantity of condensate by 
the end of the final temperature condition) is collected, the dryer temperature 
setpoint is changed to evaluate the next temperature condition if more than one 
temperature condition is being evaluated. The feed to the system is not 
interrupted. When the new temperature setpoint is reached, another 1.5 
residence times are allowed to elapse to assure the product is representative 
of the new steady state condition. 
For the time period between the temperature setpoint change and the end 
of the 1.5 residence times, all solid product collected is set aside as scrap but 
the condensates are collected and combined with the previously saved 
condensates. The condensates collected during both the steady and non­
steady-state periods between temperature setpoint changes are combined in 
order to provide a sufficient quantity for analysis. The condensate analytical 
results only provide information about the composite condensate collected over 
the steady state and non-steady state temperature conditions. The treated 
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solid product analytical results will provide information for each steady state 
temperature condition. 
After an adequate amount of solid product and condensate is collected for 
the last temperature condition, the feeder is shut off and any further solid 
product is considered scrap and any additional condensate is recycled into the 
phase separator. The remaining system operations are continued until the dryer 
is emptied. Then the furnace heat, nitrogen feed, blowers, heat exchangers, 
and spray tower are shut down. The dryer cylinder is allowed to rotate for 
several hours until it cools to 200°F. 
During the steady state portions of the run, system pressures and gas flow 
rates are noted. Temperatures are monitored throughout the run in half hour 
intervals. Product and condensates are collected and weighed every fifteen 
minutes. A careful accounting of all solids and liquids added to and collected 
from the unit is recorded for mass balance calculations. 
3.3 Sampling of Feed and Product Streams 
Feed samples are usually withdrawn by hand with a small scoop from the 
feed hopper at the middle of the first steady state condition feeding interval. 
The quantity removed is weighed and recorded. The feed sample is identified 
as the run feed and given the sample ID suffix -02 (Le. CWM-02) and 
submitted for analysis. 
The solid products generated from each steady state test condition are 
stored in separate clean containers until collection of that particular product is 
completed. Then the contents of the jar is mixed well, typically by tumbling 
and mixing with a spatula or scoop, prior to withdrawing samples for analytical 
purposes. Solid product samples are identified as product and given the sample 
ID suffices -03,-04 and -05 depending on the number of steady state conditions 
evaluated (Le. CWM-03, CWM-04 and CWM-05). 
The composited condensates are filtered through Whatman 54 filter paper 
(nominal 25-micron retention), mixed well by stirring for 5 to 10 seconds, then 
poured into a separatory funnel from which samples are drawn for chemical 
analyses. This water sample is identified as condensate and given the sample 
ID suffix -06 (Le. CWM-06). 
The liquid from the phase separator is weighed, cooled to room 
temperature, filtered through Whatman 54 filter paper, mixed well by stirring 
for 5 to 10 seconds, and drawn from a separatory funnel into sample bottles 
for chemical analyses. This sample is identified as phase separator water and 
given the sample ID suffix -07 (Le. CWM-07). The solids (filter cake) are 
weighed and if enough filter cake is retained by the filter paper, it is also 
analyzed. The filter cake is not washed. The filtering procedure is intended to 
simulate full scale field operations. This sample is identified as phase separator 
filter cake and given the sample ID suffix -08 (Le. CWM-08). Both the liquid 
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and filter cake are exposed to the laboratory air and temperature for several 
hours during the filtering step, losses due to volatility at this step are minimal 
because the phase separator fluid operates at a steady state temperature of 
approximately at 120°F in a vented tank during most of the run. 
In the event an oil layer is present in the phase separator liquid or 
condensate it is removed prior to filtration by skimming with a spoon or using 
a separatory funnel. Any oil recovered is weighed, recorded and sent for 
analysis if a sufficient quantity is recovered. Oil removed from the phase 
separator is identified as phase separator oil and given the sample ID suffix -11 
(i.e. CWM-11 ). Oil recovered from the condensate is identified as condensate 
oil and given the sample ID suffix -10 (i.e. CWM-1 0). 
Solid material may collect in the carryover pipe between the dryer outlet and 
the gas handling system. If present, this material is weighed and sent for 
analysis if enough is recovered. This material is identified as carryover dust and 
given the sample ID suffix -09 (i.e. CWM-09). 
3.4 System Decontamination and Disposal of Residuals 
After the system cools for approximately 12 hours, the product hopper is 
emptied and any residual product collected is weighed and placed with the 
other scrap product material. The product hopper is then disassembled and 
cleaned with laboratory detergent and a scrub brush. 
The gas handling system is disassembled, and each component is washed 
with a laboratory detergent and scrub brush. The washed components are then 
rinsed with tap water twice. The wash water and water from the first rinse are 
combined and labeled as waste water that is disposed of as a hazardous waste. 
All solid product, feed, and scrap is packaged, labeled, and weighed for 
inventory and mass balance purposes. All process residuals from laboratory 
testing are disposed of as hazardous waste, because analysis and/or treatment 
would be prohibitively expensive for these small quantities. All 
decontamination and disposal activities are conducted in a manner consistent 
with all relevant federal, state, and local regulations governing hazardous waste 
at the GRC facility. Disposal of the solid material from the pilot and full scale 
levels is dependent on the permit conditions governing the activity and the 
permit conditions vary from site to site. 
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CHAPTER 4
 
DESCRIPTION OF THE CHANUTE AIR FORCE BASE TREATABILITY STUDY 
A description of the treatability study is given below. The description 
includes a discussion of sample preparation, deviations from the standard 
treatability study procedure, a chronology of significant events during the 
study, sample collection, and sample analysis. 
4.1 Feed Preparation and Description 
On May 1, 1991 two five-gallon plastic buckets of soil from the Chanute 
AFB fire training area were collected. 
The first sample was collected from the northeastern most mock jet, 
approximately 20 feet north of the fuselage directly behind the wing, and one 
foot east of a jet fuel spray nozzle. This sampling site was chosen based on 
the close location to the jet fuel spray nozzle, the frequency with which the 
mock jet is used for fire training, and the clearly distinguishable hydrocarbon 
odor in the soil. The second sample was collected from approximately ten feet 
northeast of the mock helicopter in the southwestern section of the burn area 
approximately 400 feet from the mock jet sampling location. This sampling 
location was chosen because a fire training exercise was completed earlier that 
morning and there was still jet fuel visible floating on top of puddles of water. 
The approximate positions of these two sampling locations are shown on Figure 
4-1. 
Both samples were sieved at the time of collection to remove particles 
greater than 1/4", the oversize material was used to back fill the excavation. 
Table 4-1 summarizes the mass of the screened samples, the mass of material 
greater than 1/4", and provides a description of each material. Each material 
excavated contained a large quantity of gravel. The mock jet area sample was 
collected from the surface to 9 inches below the ground surface. Based on this 
excavation, at least 99% of the material would pass through the two inch 
screen used for the full-scale unit feed preparation. The mock helicopter area 
sample was initially collected from the surface to 9 inches below the surface. 
Due to the large quantity of gravel, including rocks greater than three inches in 
diameter, the second half of the sample was collected from 4-9" below the 
ground surface only. The gravel appeared to be located on the surface only. 
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Table 4-1. Sample Preparation Information for the
 
Chanute Air Force Base Treatability Study
 
Mass of 
CWM Oversize Mass of Percent Estimated Soil 
Assigned Sample Sampling Sampling (>~") Screened Oversize Oversize Description 
Sample Collection Location Depth Material Material Material Material Before 
ID Date (Note 1) (in) (kg) (kg) >~" >2" Screening 
CAF3-01 5/01/91 Northeast 
Jet Area 
0-9 10.778 22.960 31.9% <1% Sand and 
gravel 
CAF4-01 5/01/91 Helicopter 
Area 
0-9 
(Note 2) 
33.790 21.641 61.0% <5% Large 
limestone 
gravel and 
sand 
Notes: 1) See Figure 4-1 for sampling locations. 
2) Approximately two-thirds of the CAF4-01 sample was taken from the 4 to 9 inch depth due 
to the large quantity gravel in the top 4 inches of the sampling location. 
Therefore, based on the excavation at the mock helicopter area, at least 950/0 
of the material excavated would pass through the two inch screen used for the 
full-scale unit feed preparation. 
After returning to the CWM Research Facility, representative samples of the 
jet area soil (CAF3-01) and the helicopter soil (CAF4-01) were submitted for 
physical and chemical analysis. Each sample was homogenized by pouring the 
sample between two 5 gallon buckets and mixing with a garden shovel several 
times. Following receipt of the analytical data the jet area soil (CAF3-01) was 
selected for the study because it contained higher levels of contamination than 
the helicopter area soil (CAF4-01), see Table 4-2. 
A particle size distribution test was completed on the selected feed material. 
Based on a settling test, the screened CAF3 material was comprised of 
approximately 80 percent sand, 8 percent silt, and 12 percent clay. This 
material is characteristic of a loamy sand textured material. 
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Table 4-2. Feed Candidates Analytical Data Summary for the
 
Chanute Air Force Base Treatability Study
 
Preliminary Feed Preliminary Feed 
CAF3-01 CAF4-01 
Sample 10 Jet Area Helicopter Area 
EMS Lab No. C129873 C129874 
Moisture % 10.3 8.3 
LOI % 12.7 10.3 
pH 8.7 7.6 
Oil and Grease ppm 37,000 19,000 
TPH ppm 36,000 19,000 
PCB ppm BOl(1.0) BOL(1.0) 
Volatiles (ppm) 
Acetone BOl(10) BOl(2) 
Acrylonitrile BOl(35) BOl(7) 
Benzene 20 BOl(0.5) 
Chloroethane BOl(5) BOl(1) 
Chloromethane BOl(5) BOl(1) 
Ethylbenzene 9.2 BOl(0.5) 
Fluorotrichloromethane BDl(2.5) BDL(0.5) 
2-Hexanone BOl(5) BOl(1) 
Methylene Chloride BOl(2.5) BOl(0.5) 
Methyl Ethyl Ketone BDl(5) BOL(1) 
Tetrachloroethene BDl2.5) BDL(O.5) 
Toluene 93 BOL(0.5) 
1,1,1-Trichloroethane BDl(2.5) BOl(0.5) 
Trichloroethene BDl(2.5) BOl(0.5) 
Xylenes 140 17 
Semi-Volatiles (ppm) 
Anthracene est. 5.5 BOl(6.6) 
Benzyl Alcohol BOl(10) BDl(6.6) 
Bis(2-ethylhexyl)phthalate 29 BDL(6.6) 
Oibenzofuran 12 BOl(6.6) 
Oi-N-butylphthalate 13 BOl(6.6) 
Fluoranthene 7.4 BOl(6.6) 
Flourene BOl(10) BOl(6.6) 
Isophorone BOl(10) BOl(6.6) 
2-Methylnaphthalene 57 BOL(6.6) 
Naphthalene 13 est. 7 
Phenanthrene 22 BOL(6.6) 
Pyrene 15 BOl(6.6) 
Pyridine BOl(50) BOl(33) 
Benzoic Acid BOl(50) BDl(33) 
2,4-0imethylphenol BDl(10) BOL(6.6) 
Phenol BOl(10) BOL(6.6) 
Tetrachlorophenol BDl(10) BDl(6.6) 
Notes: 
est 
x 
BDL(A) 
LOI 
the value is below the calculated practical quantitation limit 
compound was identified as being present during the analysis 
analysis not requested 
below detection limit, A = detection limit 
loss on ignition = 100% - % ash 
but the 
Preliminary Feed = Feed sample taken during feed preparation 
Differences in detection levels between samples are due to use of different dilutions
 
used by analytical laboratory or matrix interference.
 
All results are reported on "as-received" basis except PCBs which are reported on a dry
 
weight basis.
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4.2 Chanute AFB Treatability Study Execution 
The Chanute AFB treatability study was conducted on May 15, 1991, at 
the CWM GRC in Geneva, Illinois. A total of 10.626 kg of screened jet area 
material was fed to the system over a 9.5 hour period yielding an average feed 
rate of 19 g/min. The laboratory system was operated at two steady state 
conditions defined by the furnace outside shell temperature setpoints 900°F 
and 750°F and a solids residence time of 85 minutes. The 900°F condition 
produces the maximum solids temperature attainable with the pilot and full 
scale systems. The 750°F condition is used to determine the temperature 
sensitivity of the process for this soil. The 85 minutes residence time is the 
typical residence time used for the X *TRAX lab system. Based on past 
experience the temperature is the primary variable which influences removal 
efficiency, residence time variability in the 60 to 120 minute range has a minor 
influence on the removal efficiency. 
The chronology of the Chanute AFB treatability study is shown below. 
Chronology of the Chanute AFB Treatability Study 
06:00-06:45	 Began furnace temperature ramp up from 400°F to 
900°F, turned on product breech strip heaters, began 
coolant flow to heat exchangers, turned on blower and 
scrubber pump, started nitrogen flow at 150 standard 
cubic feet per hour (SCFH), nitrogen heaters, and set 
cylinder rotation at 4.0 rpm. 
07:31	 Start feeding soil to system. 
08:30	 Organic droplets floating on the water phase layer 
evident in the first condenser condensate sample 
collected at this time. 
09:00	 Organic droplets floating on the water phase layer 
evident in the second condenser condensate sample 
collected at this time. 
10:00	 Began collection of solid product for first steady state 
condition (Product 1) and began collecting product 
condensate. 
11 :45 End collection of Product 1, continued collecting 
product condensate, reduced furnace setpoint to 
750°F. 
12:37	 Furnace at 750°F. 
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15:00	 Began collection of solid product for second steady 
state condition (Product 2) and continued collecting 
product condensate. 
17:00	 Ended collection of Product 2, turned off feeder. 
17:15	 Ended collection of product condensate, increased 
cylinder RPM to empty cylinder. 
17:35-17:53	 Turned off furnace heat, product breech strip heaters, 
nitrogen gas heaters, coolant flow to condensers, 
blower, nitrogen gas flow, and scrubber pump. 
Continued to rotate cylinder overnight until cooled to 
below 200°F. 
4.3 Sample Collection and Analysis 
Solid product and liquid samples were collected using the standard 
procedures described in Section 3. Feed samples were not collected using the 
procedures in Section 3 but were collected once per hour from the start of 
Product 1 collection until the feeder was shut off and then composited into one 
sample. This sample collection method modification was to provide a more 
representative feed sample than obtainable using the standard feed sample 
collection method of one grab sample described in Section 3.3. Although the 
sample was mixed prior to treatment, the feeder continually mixes the material 
while the feeder is turned on. The hourly sampling combined with the constant 
mixing action occurring in feed hopper assures that if there were any 
inadequacies in the hand mixing of the feed material before the run that a more 
representative sample of the material being fed to the system is collected for 
analysis. 
Filtering the phase separator water yielded 806 g of phase separator filter 
cake (sample 10 CAF3-08). A total of 130 g of carryover holdup (a dry solid, 
sample 10 CAF3-09) was recovered from the carryover pipe, the pipe which 
connects the dryer discharge gas stream to the gas handling system. 
A total of 57 grams oil was recovered from the condensed water surface 
the day after the run. There was no oil recovered from the phase separator 
water, a few oil droplets on the phase separator water surface before filtering 
were observed but the quantity was insufficient for recovery and analysis. 
These oil droplets eventually became part of the phase separator filter cake 
(sample 10 CAF-08) which was analyzed. 
The physical and chemical analyses requested for each sample are shown 
in Table 4-3. 
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Table 4-3. Physical and Chemical Analyses Requested for the
 
Chanute Air Force Base Treatability Study
 
Sample Description VOC SVOC pH Moist Ash O&G TPH PCB TDS TSS TCLP TM Btu BENZ 
CAF3-01 Preliminary sample 
taken during feed 
preparation 
Y Y Y Y Y y y y - - - - - -
CAF4-01 Preliminary sample 
taken during feed 
preparation 
Y y y y y y y y - - - - - -
CAF3-02 Run feed Y y y y y y y - - - y y y y 
CAF3-03 Solid product from 
Condition 1 
y y y y y y y 
- - -
y y 
-
y 
CAF3-04 Solid product from 
Condition 2 
Y Y Y Y y y y - - - - - - -
CAF3-06 Combined 
condensed water 
from Conditions 1 
and 2 
y y y 
- -
y y 
-
y y 
- - - -
CAF3-07 Phase separator 
water 
Y Y y - - y y - y y - - - -
CAF3-08 Phase separator 
filter cake 
Y Y Y y y y y - - - - - y -
CAF3-09 Carryover holdup Y Y Y Y Y Y Y - - - - - - -
CAF3-10 Condensed oil Y Y - - y - - - - - - - y -
Legends: 
y 
= 
= 
VOC = 
SVOC = 
pH = 
moist = 
ash = 
O&G = 
TPH =
 
PCB =
 
TDS =
 
TSS =
 
TCLP =
 
TM = 
Btu = 
BENZ = 
test requested 
test not requested 
volatile organic compounds: Method SW846-8240 
semi-volatile organic compounds: Method SW846-8270 
solution pH: Method SW846-9045 (solid) or SW846-9040 (water) 
moisture = % sample weight loss at 105°C 
ash content: Method ASTM D-482 
oil and grease: Method EPA 413.2 or equivalent (water), Method EPA 
413.2 or equivalent after sonication extraction (solid) 
total petroleum hydrocarbons: Method APHA 503E with infrared 
spectroscopy after sonication extraction (solid), Method EPA 418.1 
(water) 
PCB: Method SW846-8080 
total dissolved solids: Method EPA 160.1 
total suspended solids: Method EPA 160.2 
Toxicity Characteristic Leaching Procedure (Metals): 
1311 
total metals (RCRA): Methods in SW846 
heating value 
Method SW846­
Toxicity Characteristic Leaching Procedure for Benzene: Method in 40 
CFR 261 ~pp. II 
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CHAPTER 5 
DISCUSSION OF TREATABILITY STUDY RESULTS 
The primary objective of this laboratory-scale X *TRAX treatability study is 
to demonstrate that the X *TRAX thermal desorption process is a viable 
remediation option for contaminated Illinois soils. The soil studied is jet fuel 
contaminated soil from the Chanute Air Force Base fire training area. The 
treatability study results are presented in this section. 
5.1 Operating Data Summary 
The laboratory unit was operated at two steady state conditions defined by 
the dryer Zone 2 outside shell temperature and solids residence time: 
Condition 1 = 900 o F/85 min.
 
Condition 2 = 750 o F/85 min.
 
A summary of the operating conditions is shown in Table 5-1. 
Table 5-1. Operating Data Summary for the
 
Chanute Air Force Base Treatability Study
 
Condo 
No. 
Average 
Product 
Rate 
(gram/min) 
Dryer 
Fill 
Volume* 
(%) 
Residence 
Time 
(min) Zone 
1 
Zone 
2 
Temperature (OF) 
Zone Solid 
3 Product 
N2 
Gas 
In 
N2 
Gas 
Out 
1 15.1 4.8 85 860 900 930 855 590 510 
2 14.9 4.7 85 715 750 770 715 590 495 
*Fill volume = percentage of dryer cylinder cross section filled with solids, 
based on measured product loose density = 1.62 g/cc 
The solids residence time and fill volume are calculated from the following 
equations presented in Chapter 20 of the Chemical Engineer's Handbook 
(Perry,1973): 
0.23L 
't 
D~·9tane 
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Where: 
~ = Solids residence time in dryer, minutes
 
L = Dryer cylinder length, feet
 
D = Dryer inside diameter, feet
 
N = Cylinder rotational speed, revolution per minute
 
f = Fill volume, percent
 
m p = Product mass flow rate, grams per min
 
Pp = Product bulk density, grams per cubic centimeter
 
VD = Dryer cylinder volume, cubic centimeters
 
5.2 Process Component and Overall Mass Balances 
The component mass balances for solids, water, oil and grease, and 
nitrogen are shown in Figure 5-1. The overall mass balance is shown in Figure 
5-2. 
For the mass balances, the following component definitions apply: 
Solids:	 The fraction of the material remaining after heating 
at 105°C. 
Water:	 Sample weight loss at 105°C; may include organics 
of higher volatility. Moisture and water are 
considered synonymous. 
Oil and Grease:	 Oil and grease analyses, or actual liquid oil 
recovered. 
Nitrogen:	 Nitrogen gas, assumed to be inert. 
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The mass balance is based on the total time that solids are fed to and 
discharged from the system. Thus the unsteady portions of operation - start­
up, shutdown, and transitions to new steady state conditions - are included in 
the mass balance. All solid product recovered is assumed to be the time 
weighted average of the two product samples analyzed (CAF3-03 and CAF3­
04). Contaminant concentrations are measured in the solid and liquid streams 
only. Analysis of the contaminants in the gas stream was not within the scope 
of this project. Sampling and analysis of the vent gas stream does not provide 
data that can be correlated to the pilot or full scale systems. Unlike the 
laboratory unit, the pilot and full scale X *TRAX units reheat and recycle the 
cooled nitrogen and a small amount of the nitrogen is vented to the atmosphere 
after being analyzed to assure compliance with permit conditions. Permit 
conditions will vary from site to site. The quantity of water in the laboratory 
scale vent gas is calculated assuming the vent stream is saturated with water 
at 40°F. 
The component recovery calculations are based on the mass of the 
component measured in the untreated run feed material. 
The component recoveries for the treatability study are summarized in Table 
5-2. The overall mass recovery is tabulated in Table 5-3. 
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Figure 5-1: Chanute Air Force Base Treatability Study Component ~1ass Balances
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COMPONENT
 
DESCRIPTION
 
SAMPLE ID 
Soilds (g) 
Water (g) 
Oil & Grease (g) 
Nitrogen (9) 
RUN 
FEED 
NITROGEN 
GAS 
SOLID 
PRODUCT 
CARRYOVER 
HOLDUP 
PHASE SEP 
WATER IN 
PHASE SEP 
WATER OUT 
PHASE SEP 
FILTER CAKE 
CONDENSED 
WATER 
CONDENSED 
OIL 
CALCULATED(l) 
VENT LOSS D(3)~-
% (2)
RECOVERY 
CAF3-03 N/A 
CAF3-03 
AND-04 CAF3-09 N/A CAF3-07 CAF3-08 CAF3-06 CAF3-10 N/A 
9,205 0 8,470 116 0 0 360 0 0 0 259 97.2 
1,057 0 0 14 14,893 8,921 446 4,740 0 271 1,558 -47.4 
298 0 0.083 0.325 0 0.012 5.56 0.028 58 0 234 21.5 
0 54,200 0 0 0 0 0 0 0 54,200 
(1)	 Vent loss water based on air absolute humidity at 40F = 0.005 g water per gram nitrogen (air assumed equal to nitrogen). 
Nitrogen quanitity based on entire period of nitrogen flow to the system = 11.1 hours. 
(2) The water recovery is based on the water entering the system with the run feed. it excludes the phase separator water. 
(3) This column shows the quantity of material not accounted for in the mass balance. 
C:\ 187\ 187CAFBT.DH'C 
187-5-2.CDR 
Figure 5-2: Chanute Air Force Base 
Treatability Study Overall Mass Balance 
STREAMS STREAMS 
IN OUT 
RUN FEED 
-
-
SOLID PRODUCT 
-
... 
LABORATORY 
CARRYOVER HOLD-UP 
PHASE SEP WATER OUT 
-
-­
--X*TRAX PHASE SEP FILTER CAKE 
-
... 
SYSTEM CONDENSED WATER -
-
PHASE SEP WATER IN 
-
CONDENSED OIL 
VENT TO CARBON 
-
... 
-
-
TOTAL MASS IN 
(g) 
TOTAL MASS OUT 
(g) 
RECOVERY 
% 
25,155 23,338 92.8 
NOTE: THE OVERALL MASS BALANCE EXCLUDES THE NITROGEN ADDED TO THE SYSTEM
 
Table 5-2. Component Recoveries for the
 
Chanute Air Force Base Treatability Study
 
Total Mass Total Mass 
Component In (g) Out (g) % Recovery 
Solids 9,205 8,946 97.2 
Water* 1,057 (501 ) (47.4) 
Oil & Grease* * 298 64.0 21.5 
*The water recovery is based on the water entering the system with the run feed only, 
it does not include the 14,893 grams of water charged to the phase separator during 
the run. If the phase separator water is included, the component recovery for water 
is 90.2%. 
* *The Oil and Grease component is a subset of the solids and/or water components 
based on the definition of oil and grease given in this section. Therefore, summing the 
individual components will not give the total mass of the stream. The total mass of 
any stream is calculated by summing the solids and water components only. 
Table 5-3. Overall Mass Recovery (Excluding Nitrogen)
 
for the Chanute Air Force Base Treatability Study
 
I
II Total Mass In (g) I Total Mass Out (g) I % Recovery I 25,155 I 23,338 I 92.8 
The solids recovery is excellent. 
The water recovery is unusually low. Water recoveries for previous runs 
typically averaged 66%. We have reviewed all the data sheets and log book 
pages but were unable to find any mathematical errors. The discrepancy in the 
water balance is apparently due to a mass recording error during the run. A 
triple beam balance was used to weigh the water containers. Weights are hung 
on the balance when the container being weighed exceed the capacity of the 
sliding weights on the beams. It is believed that the hanging weights were 
incorrectly counted. Based on this apparent error, the weighing procedures 
were modified to prevent this error during future treatability studies by 
removing the weights each time and totaling them. In addition, an electronic 
scale was ordered to eliminate the scale weight counting. 
The recovery of organic based components such as oil and grease, and 
individual organic compounds, is usually low relative to the solid and water 
recoveries. This is particularly true for treatability studies with low 
concentration, high boiling point compounds. The organic components tend to 
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condense and plate out on the cooler gas piping internal surfaces. Also, non­
water-miscible organics coat the container walls in the collection vessels. Each 
treatability study only uses a small amount of feed material, the organics that 
plate out can represent a significant fraction of the total component mass for 
the treatability study. Since the gas piping is cleaned after each treatability 
study and analysis of the washwater is not practical, the organics retained on 
the piping surfaces are not measured. The washwater is not analyzed because 
the contaminants are not only in the water but also on the small quantity of 
particulate matter recovered from the system cleaning and on the surface of the 
wash water container. The quantity of wash water particulate matter 
recovered is insufficient to complete the analyses required but could contain a 
significant quantity of contaminants. Recovery of the contaminants from the 
inside of the wash water container could be recovered by solvent washing if 
the proper solvent is used. If a treatability study were to process a significantly 
larger quantity of feed material, the organic constituent recoveries would 
increase. There is a fixed amount of organic material which adheres to the 
piping surfaces and as more material is processed and the plating out limit is 
reached, the fixed quantity of the internal surfaces becomes less 
mathematically significant. Even if the plated organics serve as sites for more 
organics to plate out it is likely an equilibrium condition exists where the rate 
of organics plating onto the plated organics equals the rate at which the 
accumulated organics are released from the organic film surface. This theory 
is supported by the pilot scale operations data where organic component 
recoveries are typically greater than 90 percent. The laboratory system piping 
must be washed after each treatability study to prevent cross contamination 
with the next study. In addition, it is important to remind the reader that the 
primary focus of the laboratory scale treatability study is on the resulting 
concentrations of the contaminants in the treated solid product. 
5.3 Particulate Carryover 
Particulate carryover is the material entrained in the gas stream which 
reaches the scrubber. It is the total solid material recovered from the phase 
separator (CAF3-08). The percent carryover is determined according to the 
following equation: 
% Carryover = (Mass CAF3-08 solids)/(Total Mass CAF3-02 feed) 
For this study the carryover is 3.4% as shown in Table 5-4; this is within 
the typical range of 0.5-4% for previous laboratory X*TRAX runs. Typical 
carryover rates for the pilot scale are less, and the full scale system is 
estimated to be less than the pilot scale system. The pilot and full scale 
systems are designed to handle particulate carryover. 
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Table 5-4. Particulate Carryover for the
 
Chanute Air Force Base Treatability Study
 
Phase Separator 
Solids (CAF3-08) 
(g) 
Run Feed 
(CAF3-02) 
(g) 
Carryover 
(%) 
I 360 I 10,626 I 3.4 I 
5.4 Analytical Results 
The complete analytical results for the Chanute AFB treatability study are 
summarized in Tables 5-5 through 5-8. Table 5-5 shows the analysis of both 
the soil from the jet area (CAF3-01) and the helicopter area (CAF4-01). Based 
on these results, the jet area sample (CAF3-01) was selected as the feed 
material for the treatability study. Tables 5-6 and 5-7 summarize the analytical 
results of the treatability study on the jet area soil (CAF3-01). Table 5-8 shows 
the total metals data on a dry weight basis. 
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Table 5-5. Feed Candidates Analytical Data Summary for the
 
Chanute Air Force Base Treatability Study
 
Preliminary Feed Preliminary Feed 
CAF3-01 CAF4-01 
Sample 10 Jet Area Helicopter Area 
EMS Lab No. C129873 C129874 
Moisture % 10.3 8.3 
LOI % 12.7 10.3 
pH 8.7 7.6 
Oil and Grease ppm 37,000 19,000 
TPH ppm 36,000 19,000 
PCB ppm BOL(1.0) BOL(1.0) 
Volatiles (ppm) 
Acetone BOL(10) BOL(2) 
Acrylonitrile BOL(3S) BOL(7) 
Benzene 20 BOL(O.S) 
Chloroethane BOL(S) BOL(1) 
Chloromethane BOL(S) BOL(1) 
Ethylbenzene 9.2 BOL(O.S) 
Fluorotrichloromethane BOl(2.S) BOl(O.S) 
2-Hexanone BOl(S) BOl(1) 
Methylene Chloride BOL(2.S) BOL(O.S) 
Methyl Ethyl Ketone BOl(S) BOl(1) 
Tetrachloroethene BOl2.S) BOl(O.S) 
Toluene 93 BOL(O.S) 
1,1,1-Trichloroethane BOl(2.S) BOL(O.S) 
Trichloroethene BOl(2.S) BOl(0.5) 
Xylenes 140 17 
Semi-Volatiles (ppm) 
Anthracene est. 5.5 BOl(6.6) 
Benzyl Alcohol BOl(10) BOl(6.6) 
Bis(2-ethylhexyl)phthalate 29 BOL(6.6) 
Oibenzofuran 12 BOl(6.6) 
Oi-N-butylphthalate 13 BOl(6.6) 
Fluoranthene 7.4 BOL(6.6) 
Flourene BOl(10) BOL(6.6) 
Isophorone BOL(10) BOL(6.6) 
2-Methylnaphthalene 57 BOl(6.6) 
Naphthalene 13 est. 7 
Phenanthrene 22 BOl(6.6) 
Pyrene 15 BOl(6.6) 
Pyridine BOl(50) BOL(33) 
Benzoic Acid BOl(SO) BOL(33) 
2,4-0imethylphenol BOl(10) BOL(6.6) 
Phenol BOl(10) BOl(6.6) 
Tetrachlorophenol BOl(10) BOl(6.6) 
Notes: 
est 
x 
BDL(A) 
LOI 
the value is below the calculated practical quantitation limit 
compound was identified as being present during the analysis 
analysis not requested 
below detection limit, A = detection limit 
loss on ignition = 100% - % ash 
but the 
Preliminary Feed Feed sample taken during feed preparation 
Differences in detection levels between samples are due to use of different dilutions
 
used by analytical laboratory or matrix interference.
 
All results are reported on "as-received" basis except PCBs which are reported on a dry
 
weight basis.
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Table 5-6. Analytical Data Summary for the
 
Chanute Air Force Base Treatability Study
 
Preliminary Condensed Phase Sep Phase Sep Carryover Condensed 
Feed Run Feed Product 1 Product 2 Water Water Filter Cake Holdup Oil 
Sample Prefix CAF3­ -01 -02 -03 -04 -06 -07 -08 -09 -10 
EMS Lab No. C129873 C130538 C130539 C130540 C130544 C130545 C130541 C130542 C130543 
Moisture % 10.3 10.3 0.0 0.0 x x 55.3 11.0 x 
LOI % 12.7 12.3 1.0 1.0 x x 61.0 16.0 99.94 
Susp Solids ppm x x x BDL(5)x 7 x x x 
Dis Solids ppm x x x x 87 740 x x x 
pH 8.7 9.2 10.0 9.5 9.0 8.7 8.9 9.4 x 
Oil & Grease ppm 37,000 29,000 23 48 6.0 1.4 6,900 2,500 x 
TPH ppm 36,000 28,000 20 44 BDL(0.5)3.6 6,800 2,500 x 
TCLP Benzene mg/I BDL (0.050)x 0.24 x x x x x x 
Heating Value Btu/lb BDL(1800)x x x x x BDL(2700) x 19,000 
PCB ppm BDL(1.0) x x x x x x x x 
Volatiles (ppm) 
Acetone BDL(10) 19 0.026 0.17 2.7 0.098 BDL(0.2) 0.32 BDL(20) 
Acrylonitrile BDL(35) BDL(35) BDL(0.07) BDL(0.07) BDL(0.07)0.061 BDL(0.7) BDL(0.36) BDL(70) 
Benzene 20 6.5 0.025 0.029 0.009 est. 0.004 0.057 0.13 BDL(5) 
Chloroethane BDL(5) BDL(5) BDL(0.01 ) 0.096 BDL(0.01) BDL(0.01) BDL(0.1) BDL(0.052) BDL(10) 
Chloromethane BDL(5) BDL(0.01)23 BDL(0.01) BDL(0.01) BDL(0.01 BDL(0.1) BDL(0.052) BDL(10) 
Ethylbenzene BDL(2.5) BDL(0.005)9.2 BDL(0.005) BDL(0.005) BDL(0.005) 0.081 BDL(0.026) est. 4.2 
Fluorotrichloromethane BDL(2.5) BDL(2.5) BDL(0.005) 0.035 BDL(0.005) BDL(0.005) BDL(0.05) BDL(0.026) BDL(5) 
2-Hexanone BDL(5) BDL(5) BDL(0.01) BDL(0.01) 0.038 BDL(0.01) BDL(0.1) BDL(0.052) BDL(10) 
Methylene Chloride BDL(2.5) BDL(2.5) BDL(0.005) 0.057 BDL(0.005) BDL(0.005) BDL(0.05) est. 0.02 est. 2.9 
Methyl Ethyl Ketone BDL(5) BDL(5) BDL(0.01) 0.035 0.38 BDL(0.01) BDL(0.1) BDL(0.052) BDL(10) 
Tetrachloroethene BDL2.5) BDL(2.5) BDL(0.005) BDL(0.005) BDL(0.005) BDL(0.005) BDL(0.05) BDL(0.026) est. 2.1 
Toluene 93 50 0.013 0.035 0.024 0.014 0.38 0.52 10 
1,1, 1-Trichloroethane BDL(2.5) BDL(2.5) BDL(0.005) 0.031 BDL(0.005) BDL(0.005) BDL(0.05) BDL(0.026) BDL(5) 
Trichloroethene BDL(2.5) BDL(2.5) BDL(0.005) 0.027 BDL(0.005) BDL(0.005) BDL(0.05) BDL(0.026) BDL(5) 
Xylenes 140 110 BDL(0.005) 0.034 0.046 0.020 1.2 1.2 85 
Semi-Volatiles (ppm) 
Acenaphthene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Acenaphthylene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Anthracene BDL(10)est. 5.5 BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzo(a)anthracene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzo(a)pyrene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzo(b)fluoranthene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzo(g,h,i)perylene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01 ) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzo(k)fluoranthene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Benzyl Alcohol BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) 0.042 BDL(10) BDL(10) BDl(100) 
Bis (2-ethylhexyl)phthalate BDL(10)29 est. 0.16 BDL(0.33) est. 0.006 BDL(0.01) BDL(10) BDL(10) BDl(100) 
Chrysene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Dibenzo(a,h)anthracene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Dibenzofuran BDL(0.33)12 est. 5 BDL(0.33) est. 0.005 est. 0.008 26 BDL(10) 400 
Di-N-butylphthalate BDL(10) BDL(0.33)13 BDL(0.33) BDL(0.01) BDL(0.01) BDl(10) BDL(10) BDL(200) 
Fluoranthene BDL(10)7.4 BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) 6.9 BDL(10) BDL(100) 
Flourene BDL(10) BDL(0.33)est. 9.6 BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Indeno(1,2,3-c,d)pyrene BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Isophorone BDL(10) BDL(10) BDL(0.33) BDL(0.33) 0.23 BDL(0.01) BDL(10) BDL(10) BDL(100) 
2-Methylnaphthalene 57 72 est. 0.32 0.42 0.15 0.068 70 18 560 
Naphthalene 13 BDL(0.33)45 BDL(0.33) BDL(0.01) 0.056 40 est. 73 340 
Phenanthrene BDL(10) BDL(0.33)22 BDL(0.33) BDL(0.01) BDL(0.01) 18 BDL(10) BDL(100) 
Pyrene BDL(10)15 BDL(0.33) BDL(0.33) BDL(0.01) BDL(0.01) BDL(10) BDL(10) BDL(100) 
Pyridine BDL(50) BDL(50) BDL(1.6) BDL(1.6) 0.89 0.11 BDL(50) BDL(50) BDL(500) 
Benzoic Acid BDL(50) BDL(50) BDL(1.6) BDL(1.6) BDL(0.05) 0.8 BDL(50) BDL(50) BDL(500) 
2,4-Dimethylphenol BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01) 0.014 BDL(10) BDL(10) BDL(100) 
Phenol BDL(10) BDL(10) BDL(0.33) BDL(0.33) 0.13 0.12 BDL(10) BDL(10) BDL(100) 
Tetrachlorophenol BDL(10) BDL(10) BDL(0.33) BDL(0.33) BDL(0.01)0.014 BDL(10) BDL(10) BDL(100) 
Key to symbols on next page. 
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Key to Table 5-6 
Notes: 
est =	 the value is below the calculated practical quantitation limit but 
the compound was identified as being present during the 
analysis 
x = analysis not requested
 
BDL(A) = below detection limit, A = detection limit
 
LOI = loss on ignition = 1000/0 - % ash
 
Preliminary Feed = Feed sample taken during feed preparation 
Run Feed = Feed sample taken from feed hopper during treatability study 
Prod 1 = solid product sample taken during Condition 1 
Prod 2 = solid product sample taken during Condition 2 
Condensed Water = combined condensate from Conditions 1 and 2 less 
condensed oil 
Phase Sep Water = filtered water from phase separator drum for Conditions 1 
and 2 
Phase Sep Filter Cake = residue filtered from phase separator liquid 
Carryover Holdup = material removed from piping between dryer exit and spray 
tower 
Condensed Oil = oil recovered from combined condensate from Conditions 1 
and 2 
Differences in detection levels between samples are due to use of 
different dilutions used by analytical laboratory or matrix interference. 
All results are reported on "as-received" basis exc,ept PCBs which are 
reported on a dry weight basis. 
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Table 5-7. Wet Basis Total Metals and Leachable Metals Data Summary 
for the Chanute Air Force Base Treatability Study 
Run Feed Product 1 
CAF3-02 CAF3-03 
Sample ID Total TCLP Total TCLP (ppm) (mg!1) (ppm) (mg!1) 
Metals 
Arsenic 4.5 BDL(0.050) 4.9 BDL(0.050) 
Barium 1,100 11 890 1.6 
Cadmium BDL(0.40) 0.07 BDL(0.40) BDL(0.02) 
Chromium 22 0.18 26 BDL(0.05) 
Lead 8.6 BDL(0.2) 13 BDL(0.2) 
Mercury BDL(0.10) BDL(0.0005) BDL(0.10) BDL(0.0005) 
Selenium BDL(0.50) BDL(0.050) BDL(0.50) BDL(0.050) 
Silver BDL(1.0) BDL(0.05) BDL(1.0) BDL(0.05) 
Notes: 
BDL(A) below detection limit, A = detection limit 
Preliminary Feed feed sample taken during feed preparation 
Run Feed feed sample taken from feed hopper during treatability study 
Product 1 solid product sample taken during Condition 1 
Total metals reported on "as-received" basis. 
Table 5-8. Dry Weight Basis Total Metals Data Summary for the
 
Chanute Air Force Base Treatability Study
 
Arsenic 
Barium 
Chromium 
Lead 
Notes: 
Run Feed 
CAF3-02 
Total Metal 
(ppm, DWB) 
5.0 
1,230 
25 
9.6 
Product 1 
CAF3-03 
Total Metal 
(ppm, DWB) 
4.9 
890 
26 
13 
Run Feed feed sample taken from feed hopper during treatability study 
Product 1 solid product sample taken during Condition 1 
DWB dry weight basis 
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The analytical results indicate that the run feed concentrations of volatile 
compounds, semi-volatile compounds, and oil and grease were reduced by at 
least 99%. The removal efficiencies for these components are shown in Table 
5-9. The Table 5-9 removal efficiencies are based on the Product 1 (CAF3-03) 
solids which were treated at the higher of the two shell temperatures studied 
(900°F). The sum of the volatile compounds detected in Product 1 (CAF3-03) 
is less than 0.1 ppm and the sum of the semi-volatile compounds detected, 
which consists of estimated values only, is less than 0.5 ppm. Compounds 
with estimated values were definitely identified during the analysis but at a 
concentration less than the calculated detection limit for the matrix being 
analyzed (the practical quantitation limit), these values are flagged as estimated 
values. 
The product analytical results for the lower of the two shell temperatures 
evaluated (750°F) produced slightly higher residual organic concentrations, as 
expected (see Table 5-6). The sum of the volatile compounds detected in 
Product 2 (CAF3-04) is less than 0.6 ppm and the sum of the semi-volatile 
compounds detected is less than 0.5 ppm. 
The metals leachability for three metals (barium, cadmium and chromium) 
appears to have decreased for the treated product (see Table 5-7) relative to 
the feed material. The remaining metals leachabilities were all below detectable 
levels for both the feed and product. 
Total metals content remained nearly constant as shown in Table 5-8, 
except for barium which apparently decreased slightly. The apparent increase 
in total lead is not real and is likely due to non-homogeneity of the material and 
analytical variability. 
There is some variability between the preliminary feed sample (CAF3-01) 
analytical results and the run feed sample (CAF3-02) analytical results (see 
Table 5-6). The variability may be due to the non-homogeneity of the sample, 
sampling technique, laboratory technique, or a combination of these. Non­
homogeneity of the sample is the most likely source of the variability based on 
the fact that the feed material is a hand mixed composite of the material 
excavated. As described in Section 3, the preliminary feed (CAF3-01) is 
collected when the material is screened and mixed, the run feed sample (CAF3­
02) is collected from the hopper during the treatability study. The feed in the 
hopper is continually mixed by rotating mixers and samples of the feed were 
collected each hour to make a composite sample. Therefore, the run feed 
sample (CAF3-02) should be more homogeneous and is used as the basis of 
comparison for the treatability study. It should be noted that even a well mixed 
sample can exhibit variability because of the small aliquotes used to conduct 
the individual analytical procedures. The initial mixing of the sample after 
sample screening is intended to minimize this variability. 
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Table 5-9. Removal Efficiency of Selected Components for 
the Chanute Air Force Base Treatability Study 
Component 
Oil & Grease 
Acetone 
Benzene 
Chloromethane 
Toluene 
Xylenes 
2-Methylnaphthalene 
Naphthalene 
Run Feed 
CAF3-02* 
(ppm) 
32,000 
21 
7.2 
26 
56 
123 
80 
50 
Product 1 
CAF3-03 
(ppm) % Removal 
23 99.9 
0.026 99.9 
0.025 99.7 
<0.01 >99.9 
0.013 99.9+ 
<0.005 >99.9 
est. 0.32 99.6 
<0.33 >99.3 
*Values are reported on a dry weight basis. 
est = the value is below the calculated practical quantitation limit but 
the compound was identified as being present during the analysis 
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CHAPTER 6 
CONCLUSIONS 
Overall, the test results are excellent. The results from the treatability study 
are compared with IEPA generic clean-up objectives for leaking underground 
storage tanks (UST) and the federal regulatory level for exhibiting the 
characteristic of toxicity due to benzene. The IEPA UST clean-up objectives for 
middle distillate fuels (jet fuels, diesel fuels, kerosene, etc.) are shown in Table 
6-1. These UST clean-up objectives were published by the IEPA in the Fall 
1991 issue of the IEPA manual on leaking underground storage tanks (IEPA, 
1991). It is important to emphasize that the IEPA UST clean-up objectives are 
not regulatory clean-up levels. The IEPA clean-up objectives were published as 
a guide for remediation of soils at leaking underground storage tanks. The 
Chanute AFB soils treated in this study were not contaminated from a leaking 
underground storage tank, and these IEPA UST clean-up objectives have not 
been designated as the clean-up objective for the Chanute AFB site. The 
treatability study feed and product concentrations versus the IEPA UST clean­
up objectives are also shown in Table 6-1. The federal regulatory criteria for 
a solid waste to exhibit the characteristic of toxicity for benzene is found in 
Chapter 40 of the Code of Federal Regulations (CFR), Part 261.24, and shown 
in Table 6-2. Treatment goals for this site have not been established and these 
criteria are used for reference only. 
According to 40 CFR 261.24, a solid waste exhibits the characteristic of 
toxicity due to benzene if the TCLP extract from the waste contains 0.5 mgtl 
or more benzene (see Table 6-2). 
As shown in Table 6-1 the X *TRAX treated soil meets seven of the ten 
IEPA UST soil clean-up objectives. The treated soil did not meet the IEPA 
clean-up objective for benzene. It is unknown if the remaining two objectives, 
for naphthalene and total carcinogenic PNAs, were met. The clean-up objective 
for naphthalene is less than the acceptable detection limit. The clean-up 
objective for total carcinogenic PNAs is less than each of the seven individual 
carcinogenic PNA compound's acceptable detection limits. It is impossible to 
determine if the clean-up objectives can be met for these two objectives using 
current analytical techniques. It is important to note that these IEPA UST 
clean-up levels are generic clean-up objectives for leaking underground storage 
tanks. These are not regulatory criteria for leaking underground storage tanks 
or other petroleum hydrocarbon clean-ups. In addition, the Chanute AFB fire 
training area jet fuel contamination is not from a leaking underground storage 
tank. These clean-up objectives were used in this study to provide a 
comparison to existing clean-up guidelines for jet fuel. There are no clean-up 
objectives established for the Chanute AFB fire training area at this time. 
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Table 6-1. Comparison of X*TRAX Treated Product to
 
IEPA Clean-up Objectives
 
Component 
IEPA 
Clean-up 
Objective 
for Soil 
(mglkg) 
IEPA Soils 
ADLs (2) 
(mg/kg) 
Untreated Soil 
Concentration 
(CAF3-02) 
(mglkg) 
Treated Soil 
(CAF3-03) 
(mglkg) 
Was Clean-up 
Objective 
Met? 
Benzene 0.005 0.002 6.5 0.025 No 
Ethylbenzene 0.002 
Toluene 0.002 
Xylene (total) 0.005 
Total BETX (1) 11.705 166.5 0.038 Yes 
Naphthalene 0.025 0.66 45 BDL(0.33) Unknown (3) 
Acenaphthene 8.4 1.2 BDL(10) BDL(0.33) Yes 
Anthracene 42.0 0.66 BDL(10) BDL(0.33) Yes 
Fluoranthene 5.6 0.66 BDL(10) BDL(0.33) Yes 
Fluorene 5.6 0.14 est. 9.6 BDL(0.33) Yes 
Pyrene 4.2 0.18 BDL(10) BDL(0.33) Yes 
Total Carcinogenic PNAs 0.004 <2.31 Unknown (4) 
Benzo(a)anthracene 0.0087 BDL(10) BDL(0.33) 
Benzo(a)pyrene 0.015 BDL(10) BDL(0.33) 
Benzo(b)fluoranthene 0.011 BDL(10) BDL(0.33) 
Benzo(k)fluoranthene 0.011 BDL(10) BDL(0.33) 
Chrysene 0.1 BDL(10) BDL(0.33) 
Dibenzo(a,h)anthracene 0.02 BDL(10) BDL(0.33) 
Indeno(1,2,3-c,d)pyrene 0.029 BDL(10) BDL(0.33) 
Total Non-Carcinogenic PNAs 4.2 <0.99 Yes 
Acenaphthylene 0.66 BDL(10) BDL(0.33) 
Benzo(g,h,i)perylene 0.051 BDL(10) BDL(0.33) 
Phenanthrene 0.66 BDL(10) BDL(0.33) 
(1) Total BETX is the sum of the benzene, ethylbenzene, toluene and xylene concentrations. 
(2) ADL = Acceptable detection level of analytical method presented in IEPA manual. 
(3) It is unknown if the clean-up objective was met because the clean-up objective is less than the treated soil 
detection limit. 
(4) It is unknown if the clean-up objective was met because the clean-up objective is less than the sum of the seven 
carcinogenic PNA component detection limits. 
BDL(A) = Below detection limit, A = detection limit 
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Table 6-2. Toxicity Characteristic Regulations for
 
Benzene vs. Treatability Study Results
 
Regulatory 
Level 
Run Feed 
CAF3-02 
Product 1 
CAF3-03 
Product 2 
CAF3-04 
TCLP Benzene Leachate 
Concentration (D018) 
<0.5 mg/I 0.24 <0.050 Not 
Analyzed * 
Total Benzene 
Concentration 
<10 
mg/kg* * 
6.5 0.025 0.029 
*The TCLP benzene analysis was not completed on the Product 2 sample 
because the untreated feed sample analysis was already lower than the 
regulatory level. Product 1 was analyzed to determine what minimum level the 
benzene leachability could be reduced to by the X*TRAX process. 
* *Not a regulatory limit, used for comparison only. The TCLP procedure causes a 20 
to 1 dilution of the sample. Assuming all the benzene in the sample is leachable, the 
total benzene concentration in the sample must be less than 20 times the allowable 
TCLP leachate concentration to assure the TCLP leachate will contain less than 0.5 
mgtl benzene. This comparison is made primarily for samples which have a total 
benzene analysis and not a TCLP leachate analysis. 
Table 6-3 shows that neither the run feed or treated products would exhibit 
the toxicity characteristic for benzene. The run feed leachate contained less 
than one-half the regulatory limit for benzene. The Product 1 soil TCLP 
leachate was non-detectable for benzene at a detection level equal to one-tenth 
the regulatory level. The soil sample being analyzed would have to have at 
least 10 ppm benzene (20 times the TCLP leachate allowable limit) before it 
could exhibit the characteristic of toxicity for benzene, assuming all the 
benzene leaches from the material. The TCLP procedure causes a 20 to 1 
dilution of the sample. Therefore, the Product 2 soil would not fail the TCLP 
for benzene either. Even at the lower operating temperature, excellent removal 
was achieved. Operating the full scale system at a lower temperature allows 
an increased soil processing rate. 
Based on the test results on the sample tested, the X *TRAX process 
appears to be a suitable alternative treatment technology for the jet fuel 
contaminated soils at the Chanute AFB fire training area. The treated soil 
meets most of the IEPA jet fuel clean-up objectives for soil contaminated by a 
leaking underground storage tank. Neither the treated or untreated soils exhibit 
the federal regulation's toxicity characteristic for benzene. 
Leaking underground storage tanks are typically surrounded by sandy type 
soil which was used to backfill around the petroleum storage tank during 
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installation. Fire training areas will contain a higher variability of soil type. Soil 
type may have some effect on contaminant removal efficiencies but for these 
contaminants of concern the effect is expected to be minimal. Soil moisture 
content will not affect the contaminant removal efficiency, only the economics 
of the process. Therefore, the X *TRAX process should be applicable to soils 
from other petroleum contaminated areas throughout Illinois, including other fire 
training areas (civilian and military) and leaking underground storage tanks. 
X *TRAX was developed as an alternative treatment technology to 
incineration for removing organics from soil. The price to treat soil on site with 
the X *TRAX system is typically in the $125/ton to $225/ton range depending 
on the soil matrix, clean-up criteria, and total quantity of material to be treated. 
Historically, on-site remediation of soils using incineration have ranged from 
$300 to $1 ,000 per ton. 
The United States Environmental Protection Agency (U.S. EPA) is currently 
seeking alternative technologies for treating hazardous wastes. X *TRAX is 
such an alternative technology. The U.S. EPA has approved the X*TRAX 
system to clean up a polychlorinated biphenyl (PCB) contaminated Superfund 
site in Massachusetts. Treatment of soils is scheduled to begin in the Spring 
of 1992. Under Superfund, the U.S. EPA is required to use remedies which 
utilize alternative treatment technologies to the maximum extent practical. 
Thermal desorption technology as the remediation alternative for Superfund 
sites is being recommended more frequently in the Record of Decision (ROD) 
for Superfund sites where incineration may have been selected in the past. 
Thermal desorption is being accepted by the environmental community as a 
viable alternative treatment technology to treat hazardous waste. 
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